Introduction
============

Rapidly progressive dementia, developing over months, weeks, or even days, has a poorer prognosis compared to the more common slowly progressive dementia, that worsens progressively over several years.^[@B1]^ Rapidly progressive dementia is frequently associated with Creutzfeldt-Jakob disease (CJD), but other causes include chronic subdural hematoma and normal pressure hydrocephalus which are treatable in some cases, so early diagnosis is important. Dural arteriovenous fistulas (AVFs) manifest with a wide range of clinical presentations from tinnitus to intracranial hemorrhage, and often lead to progressive cognitive impairment. Several patients with dural AVF have presented with slowly progressive dementia,^[@B2]--[@B6]^ but none with rapidly progressive dementia. We encountered a patient with multiple dural AVFs manifesting as rapidly progressive dementia, who was successfully treated by early endovascular surgery.

Case Report
===========

A 67-year-old female developed rapidly progressive dementia over 2 months after a fall at home, preceded by episodes of headache and nausea without any specific trigger. Initially, CJD was suspected based on the rapidly progressive dementia and hyperintense changes in the bilateral cerebral white matter on magnetic resonance (MR) imaging, but further MR imaging revealed flow voids dorsal to the midbrain, suggesting cerebrovascular malformation, so she was finally referred to our hospital for endovascular treatment 2½ months after the onset.

Physical examination found marked emaciation and significant distention of the bilateral superficial temporal arteries (STAs) on the forehead. Bruit was noted behind the right auricle. The patient remained somnolent with Glasgow Coma Scale score 12 (E4V3M5). She was completely bedridden, opened her eyes occasionally, produced no meaningful sounds, and did not respond to any instructions. Mini-mental state examination (MMSE) was not feasible. Neurological examination detected leg-dominant quadriplegia and tendency to right hemineglect.

MR imaging showed many flow voids in the ambient cistern, and hyperintense changes (leukoaraiosis) on the T~2~-weighted and fluid-attenuated inversion recovery images ([Fig. 1](#F1){ref-type="fig"}). Cerebral angiography demonstrated markedly dilated frontal and parietal branches of the bilateral STAs, arteriovenous shunts around the superior sagittal sinus (SSS), another arteriovenous shunt from the right occipital artery to the right transverse-sigmoid sinus (TVS), and marked pseudophlebitic patterns^[@B7]^ ([Fig. 2](#F2){ref-type="fig"}). Single photon emission computed tomography (SPECT) showed markedly decreased cerebral blood flow (CBF) over almost the whole brain ([Fig. 3, *left*](#F3){ref-type="fig"}). The diagnosis was high-risk AVFs^[@B8]^ with typical clinical and radiological features, classified as Cognard type^[@B9]^ IIA+B. Urgent treatment was required^[@B8]^ to prevent hemorrhage and/or further neurological deficit.

Multi-stage intervention was planned to embolize the multiple shunts and cortical refluxes. Four endovascular procedures were performed at about 1-week intervals over 5 weeks. The bilateral STAs and right occipital artery were embolized through transarterial approaches with N-butyl-2-cyanoacrylate ([Fig. 4, *upper left*](#F4){ref-type="fig"}), and the right TVS, the origin of the venous reflux from the frontal cortical veins, and the apex of the SSS were embolized through transvenous approaches with coils. Intravenous pressure of the right TVS, which had been markedly high at 31/27 (mean 21) mmHg before treatment, dropped to a normal level of 7/2 (mean 5) mmHg after these interventions.

Postoperative cerebral angiography showed anterograde blood flow and disappearance of all dural AVFs ([Fig. 4, *lower left*, *lower center*, *lower right*](#F4){ref-type="fig"}). MR imaging revealed marked improvement in the hyperintense changes of the deep white matter on T~2~-weighted images and disappearance of the pial veins. SPECT showed markedly increased CBF in the bilateral cerebral hemispheres, including the basal ganglia ([Fig. 3, *right*](#F3){ref-type="fig"}).

The patient\'s symptoms sequentially improved after every intervention. The MMSE score was 16/30 after the third intervention, and improved further to 22/30 at 2 weeks after the fourth intervention. The patient was able to walk and lead an independent life 7 months after completing the treatment, when the MMSE showed a normal score of 30/30, and dementia had completely disappeared. She has remained in stable condition without recurrence for more than 7 years.

Discussion
==========

Several cases of dural AVF have been reported with progressive dementia, but the timing of treatment, severity of dementia, and recovery rates were not discussed in detail.^[@B2]--[@B6]^ These cases were characterized by venous congestive encephalopathy caused by venous hypertension.^[@B10]^ Venous hypertension occurs more often in the deep venous system than in the superficial venous system,^[@B11]^ so the deep white matter is the most vulnerable to venous congestion. Furthermore, leukoaraiosis may lead to deterioration in higher brain function in the deep white matter and basal ganglia, resulting in subcortical dementia.^[@B2],[@B6],[@B11]^ Selective embolization of the dural AVF resulted in cognitive improvements in 5 of 40 patients with encephalopathy or dementia.^[@B2]^ In the present case, multiple endovascular embolizations of the various AVFs resulted in sequential improvements in symptoms with complete recovery from dementia within 7 months. In particular, MR imaging showed that hyperintense change became less severe, and SPECT demonstrated improved CBF in the deep white matter, cortex, and basal ganglia, and sinus pressure markedly decreased to normal values.

Hyperintense change on T~2~-weighted MR images may correspond to the hypoperfusion areas observed on SPECT,^[@B12]^ and extensive leukoaraiosis on MR imaging disappears after treatment,^[@B2],[@B6],[@B11]^ concurrent with improvement of cognitive impairment. Such findings suggest that venous hypertension is involved in the occurrence of subcortical dementia. Previous cases had a single dural AVF manifesting as slowly progressive dementia over several months to years.^[@B2]--[@B6]^ The present case showed much more rapid progression over only 2 months, which may have resulted from the multiplicity of lesions, including three dural AVFs, and thus required prompt and specific treatments. The rapid improvement in the venous hypertension achieved by the consecutive intravascular procedures over 5 weeks after diagnosis is considered to be the main cause of the successful treatment.

The differential diagnosis of rapid progressive dementia includes a wide variety of etiologies from prion, neurodegenerative, autoimmune, infectious, malignant, toxic/metabolic, and vascular diseases, to surgical diseases such as chronic subdural hematoma and brain tumor. CJD is only one of many disorders to consider,^[@B1]^ but is specifically characterized by rapidly progressive dementia.^[@B13]^ The present patient had focal symptoms such as right hemineglect, which led to an incorrect diagnosis at the previous hospital. Additionally, the marked emaciation and significant distention of the bilateral STAs on the forehead resulted in an unusual physical appearance. Distention of the bilateral STAs on the forehead is not a specific sign of dural AVFs, but may occur occasionally, so should be recognized as a possible sign.

Dural AVF should be included in the differential diagnosis of rapidly progressive dementia. Dural AVF is currently considered to be a treatable disorder, thus rapid and accurate diagnosis is important. Selective cerebral angiography can establish the definitive diagnosis and provide the rationale for dural AVF therapy.^[@B9]^

![Magnetic resonance images on admission. Axial T~2~-weighted images demonstrating numerous dilated pial veins draining into the right transverse sinus (a), and hyperintense change, indicating leukoaraiosis, in the deep white matter (c). No hyperintense change is seen in the basal ganglia, especially the thalamus (b).](nmc-54-145-g1){#F1}

![Angiograms before surgery. Right external carotid angiograms demonstrating a large dural arteriovenous fistula (AVF) involving the right transverse-sigmoid sinus fed by the right occipital artery, and another dural AVF located in the middle third of the superior sagittal sinus fed by the bilateral middle meningeal and bilateral superficial temporal arteries (*upper left*, *upper right*). Left external carotid angiogram demonstrating retrograde venous outflow, draining into the dural AVF of the superior sagittal sinus and cortical veins of the right frontal cortex (*lower left*). Right internal carotid angiogram demonstrating the dural AVF involving the right transverse-sigmoid sinus fed by the right tentorial artery (*lower center*). Right internal carotid angiogram (early venous phase) demonstrating markedly severe pseudophlebitic pattern (*lower right*).](nmc-54-145-g2){#F2}

![Iodine-123 N-isopropyl-p-iodoamphetamine (^123^I-IMP) single photon emission computed tomography (SPECT) scan on admission demonstrating hypoperfusion over almost the whole brain including the bilateral basal ganglia (*left*). ^123^I-IMP SPECT scan after surgery demonstrating normal cerebral blood flow (CBF) except for the CBF defect at the venous infarction site (*right*).](nmc-54-145-g3){#F3}

![Left external carotid angiogram after the second operation demonstrating the right occipital artery occluded by N-butyl-2-cyanoacrylate and Eudragit (*upper left*). Right external carotid angiogram after the third operation demonstrating that the dural arteriovenous fistula (AVF) of the superior sagittal sinus still remained (*upper right*). Left internal carotid and right external carotid angiograms after all operations demonstrating that the dural AVF of the transverse-sigmoid sinus, occluded by platinum coils, had completely disappeared, and the dural AVF of the superior sagittal sinus still remained, but the blood flowed anterogradely (*lower left*, *lower right*). Right internal carotid angiogram after all operations demonstrating that the pseudophlebitic pattern had completely disappeared (*lower center*).](nmc-54-145-g4){#F4}
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